Introduction
Owing to their widespread presence in nature as well as their breadth of biological activity, lignans have attracted considerable attention from organic chemists (1) . Some lignans exhibit anti-tumor activity, whereas others function as diuretic, analgesic, and anti-rheumatic compounds (2) . A major subgroup of lignans is comprised by tri-and tetra-substituted tetrahydrofurans, which are very useful precursors for the synthesis of a variety of natural products with biological activity (2) .
Although several synthetic approaches have been reported, radical cyclization continues to be a central methodology for the preparation of natural products containing heterocyclic rings (3). A majority of radical cyclizations in heterocyclic chemistry are still accomplished with the aid of tri-n-butyltin hydride, Bu3SnH, as a stoichiometric reagent (3).
To avoid the use of toxic triorganotin hydrides, which are also troublesome to separate from the desired products, considerable effort has been aimed at development of more ecofriendly methodologies for the generation of reactive radicals. The electrochemical nickelcatalyzed radicaltype cyclisations has been shown to be a convenient alternative for the synthesis of heterocyclic compounds (4).
Our research group has some experience in the catalytic reductive cyclization of unsaturated halides to produce substituted tri-and tetrahydrofurans, by indirect electroreduction using Ni(II) complexes as the catalysts (5).
In order to develop an environmentally friendly method for radical cyclisation of Dglucose-based unsaturated substrates, we have investigated this reaction by indirect electrochemical methods using Ni(II) macrocyclic complexes as catalysts in ethanol and ethanol/water mixtures under several experimental conditions using cyclic voltammetry and controlled-potential electrolysis.
Results and Discussion
The Electrochemistry of ethyl (2S, 3R)-2-bromo-3-propargyloxy-3- (2',3',4',6'- (Figure 1, curve C) . On further addition of 1, the cathodic current increased further (Figure 1, curve D) . Furthermore, with progressive increases in the concentration of 1, the cathodic peak potential shifted toward more negative values.
Similar behaviour was observed when these experiments were performed in EtOH:H2O (9:1) / TEABr (0.1 M). The catalytic current is due to the following mechanism:
The data from these experiments are presented in Table 1 . From these data we can observe that the extent of the catalytic reaction increases when raising [RBr] , for a given mediator concentration. Table 2 .
Three general conclusions can be drawn from the results presented in Table 2 . First, an n value of essentially 1.3 was observed for the catalytic reduction of 1 but in the presence of 1, 1, 1, 3, 3, acting as a proton donor an n value of 1 was found. Second, 1 H NMR analysis of the electrolyzed mixtures reveals the presence of two major products, ethyl 4-methylfuran-3-carboxylate (3) and tetraacetylglucose (4). Third, the compound 2 was only formed in the presence of a proton donor and the yield seems to depend on the concentration of HFIP (Table 2, EtOH afford the cyclic compound in yields good enough to make this procedure an alternative to other synthetic methods; (ii) An advantage of this method is that the radical reactions can be carried out using a catalytic amount of a complex of an appropriate metal, at room temperature, in an environmentally friendly medium.
